Alemtuzumab is a monoclonal antibody to CD52 that has activity in T-cell leukemia and lymphoma. This study aims to describe the complications and outcomes of a subset of patients with mycosis fungoides/Sé zary syndrome who were treated with alemtuzumab. Four of 8 patients, with no prior history of cardiac problems, developed significant cardiac toxicity (congestive heart failure or arrhythmia) that mostly improved after alemtuzumab discontinuation. 
Introduction
Alemtuzumab is a humanized monoclonal antibody that targets the CD52 antigen, which is present on the cell membrane of most T and B lymphocytes. 1 The drug was initially approved for treatment of fludarabine-refractory chronic lymphocytic leukemia and has shown promise in the treatment of other lymphoproliferative malignancies, especially Sézary syndrome (SS). [2] [3] [4] [5] [6] The most common side effects of alemtuzumab are rigors, fever, nausea, vomiting, and rash. 1, 7 These events, which are infusion related, decrease in frequency after the initial infusions and can be diminished by prophylactic schemes. 1 Because most lymphocytes express CD52, immunosuppression is a common adverse consequence of alemtuzumab therapy. Sixty-five percent of patients who receive alemtuzumab therapy experience lymphopenia and opportunistic infections, especially reactivation of cytomegalovirus and herpes viruses. 1, 2, [7] [8] [9] Although less frequent, pulmonary and cardiac events also may occur in patients treated with alemtuzumab 2,3,7-9 and may necessitate discontinuation of the therapy. In our experience with alemtuzumab, particularly those with mycosis fungoides (MF) or Sézary syndrome (MF/SS), there appeared to be a higher than acceptable risk of cardiac complications. Therefore, we retrospectively reviewed the toxic effects of this agent in patients with MF/SS who had received alemtuzumab therapy at The University of Texas M. D. Anderson Cancer Center.
Study design
We evaluated the medical records of the patients with MF/SS enrolled in a phase 2 trial of alemtuzumab 3 and 2 other patients treated off protocol to determine the incidence of cardiac events and outcome after therapy. All patients included in our analysis had given written informed consent to participate.
During the first week of therapy in the trial, alemtuzumab had been administered intravenously on 3 consecutive days at escalating doses of 3, 10, and 30 mg. Beginning with the second week and continuing for up to 12 weeks, patients had received 30-mg infusions 3 times a week. To diminish infusion-related side effects, diphenhydramine (50 mg) and acetaminophen (650 mg), but not steroids, had been administered 30 minutes before alemtuzumab infusion. Patients also received infection prophylaxis until at least 2 months after the end of alemtuzumab therapy. 3 Routine laboratory, hematologic, and imaging studies had been performed at baseline. Echocardiography, cardiac enzyme analysis, and electrocardiography had been performed only when necessary.
Results and discussion
A total of 8 patients with MF/SS who had been treated with alemtuzumab were included in our analysis. Table 1 illustrates the characteristics of the 8 patients included, in which 5 had SS and the other 3 had MF, including 1 patient with immunoblastic transformation. The 6 patients who enrolled in the phase 2 study of alemtuzumab had previously received multiple systemic treatments (median, 4 treatments; range, 2-15 treatments), as did the 2 who were treated off protocol. Table 2 indicates the adverse events associated with alemtuzumab therapy. Patient 1, who was responding to the therapy, developed atrial fibrillation that resolved a few days after discontinuation of alemtuzumab and had no recurrence over the next 4 years with other therapy. His hemoglobin value was 130 g/L (13 g/dL), and no other explanation was identified. Patient 2, who had a clinical response but accompanying neutropenic fever, developed severe congestive heart failure (CHF) and left ventricular (LV) dysfunction (defined as an ejection fraction [EF] Ͻ 50%), after the first 30-mg dose of alemtuzumab. There was no evidence of myocardial infarction (MI), and this patient had a previously normal EF prior to alemtuzumab therapy. No active infection was documented. Once appropriate cardiac medications were instituted, her CHF improved. However, her LV dysfunction did not fully resolve, as her EF weeks later was 39%. Patients 3 and 4 both died during alemtuzumab therapy of infectious complications, and during their infectious illness there was no documented evidence of LV dysfunction.
Patient 5 received 13 doses of alemtuzumab but noted increasing fatigue, fever, and shortness of breath beginning after the initial dose. She required hospitalization for 10 weeks for aggressive intravenous treatment of symptomatic CHF, pulmonary edema, as well as Legionella pneumonia, but she did not have LV dysfunction.
Patient 6 had SS, with a baseline white blood cell count greater than 80 ϫ 10 9 /L (80 000 cells/mL) and 80% Sézary cells. He responded well to alemtuzumab therapy, with elimination of Sézary cells, decreased skin involvement, and decreased lymphadenopathy, but he developed a deep venous thrombosis with a subsequent pulmonary embolism. He was undergoing anticoagulation therapy as an outpatient and was asymptomatic several weeks later. He then developed severe CHF. He had a previously normal EF and normal right-sided chamber sizes by echocardiography but now developed severe LV dysfunction with an EF of 20% and had no evidence of MI. Alemtuzumab therapy was discontinued, and the cardiac symptoms improved approximately 10 days later. A repeat EF 2 months later had normalized (EF ϭ 55%).
Patient 7, with rapidly progressing MF/SS, had been admitted with lymphadenopathy, large cell transformation, and marked lymphocytosis resulting in hyperuricemic renal failure and anasarca. She was hemodynamically stable for several days on dialysis and had a normal blood pressure and respiratory status. Her EF at this time was normal. Alemtuzumab was administered at an initial dose of 15 mg intravenously by 24-hour continuous infusion. Within 12 hours of initiation, the patient became hypotensive and unresponsive, and she developed multiorgan failure and probable vascular leak syndrome. A second infusion was given, but the patient died the next day. Patient 8, who had resistant SS and had multiple prior treatments, had a previously normal EF (59%) prior to receiving alemtuzumab. Within 6 weeks after starting the drug, he developed severe CHF and was found to have profound LV dysfunction (EF 15%) without evidence of MI. The alemtuzumab was discontinued. 
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He then required maximal CHF therapy, including 10 days of inotropic support to sustain his blood pressure. A myocardial biopsy failed to reveal any myocarditis or myocytolysis, and he had no coronary artery disease (CAD) by angiogram. Furthermore, cytomegalovirus (CMV) antigenemia remained essentially undetectable. He has since recovered symptomatically, but his EF (30%) is still reduced.
Although alemtuzumab therapy may have shown promise in the treatment of SS, our patient group had an overall modest response. Partial responses to alemtuzumab occurred in only 3 of the 8 patients. None of the 8 patients achieved complete response. In contrast, Lundin et al 2 reported an overall response in 4 of 8 patients with MF, with complete remission in 2 patients. Another phase 2 study, which included 22 patients with MF/SS, showed an overall response rate of 55% and a complete remission rate of 32%. 10 A third study, involving 39 patients, included 3 patients with SS; 2 of these patients achieved a complete response and the other achieved a partial response. 4 A higher number of previous treatments would be a possible explanation for the lower overall response in the patients in our analysis in comparison to these other studies.
Although 7 of the 8 patients in our analysis had no preexisting cardiac problems, 3 experienced CHF and 2 experienced arrhythmias temporally associated with alemtuzumab. In addition, 3 of the 8 had documented LV dysfunction during therapy that had not been present previously. Two of these patients had received doxorubicin during previous therapy (Table 2) for their disease, but one did not. No other explanation for the LV dysfunction in these patients was discovered, including CAD or MI. One patient underwent a myocardial biopsy to exclude myocarditis, which indicated no evidence of infection, inflammation, or direct cytotoxicity of the myocardial cells. It is interesting to note that the patient with prior CAD had no apparent cardiac complications. Among the 6 patients in the trial, cardiac adverse events developed after a median of 10 full doses of alemtuzumab (range, 1-18 doses), corresponding to approximately 4 weeks of therapy and a median cumulative dose of 223 mg (range, 43-553 mg). The 2 patients treated off protocol developed toxicity at generally lower doses than in the trial.
Cardiac adverse events are infrequently mentioned in studies of patients receiving alemtuzumab. Of interest, all such reported incidents have occurred in patients with T-cell malignancies (Table 3 ). In 3 studies of patients with T-cell malignancies, no cardiac side effects were reported. 5, 12, 13 In the M. D. Anderson study, 3 only those patients with MF (listed in Table 1 ), as well as 1 patient with T-cell prolymphocytic leukemia, developed cardiac adverse events.
The association between cardiac adverse events, alemtuzumab, and T-cell malignancies may be explained by a cytokine-release syndrome, defined as an increased level of serum tumor necrosis factor-␣, interferon-␥, and interleukin-6 after alemtuzumab infusion. [14] [15] [16] The drug may activate or kill T cells that secrete these cytokines, 17 leading to coronary vasospasm, 11 potentially CMVrelated myocarditis, or even toxic "stunning" of the myocardium. Myocardial stunning, typically described in ischemic heart disease, is defined as transient myocardial dysfunction without infarction. 18 In general, the LV dysfunction or stunning is mostly reversible but may be recalcitrant if the damage is severe enough. The toxic stunning hypothesis is supported by the findings in each of our patients who developed LV dysfunction. All 3 patients developed myocardial dysfunction during alemtuzumab therapy, which at least partially resolved and recovered. CMV antigemia was not significantly elevated in these patients, suggesting myocarditis was unlikely, and significant CAD, MI, or vasospasm were not seen. This cytokine release would explain why cardiac side effects of alemtuzumab have been reported only in patients with T-cell malignancies. Additionally, the previous treatment with doxorubicin in certain patients probably resulted in subclinical myocardial damage that was unmasked by alemtuzumab therapy. The concept of sequential stressors resulting in myocardial dysfunction, at least transiently, may explain cardiotoxicity rarely seen with newer monoclonal antibody therapy. 19 Of interest, patients with multiple sclerosis treated with alemtuzumab have experienced exacerbation of their neurologic symptoms secondary to cytokine release. 15, 16 However, these effects of the drug can be successfully blocked by using prophylactic steroids in those patients. 16 Another possible mechanism of cardiac toxicity is that alemtuzumab targets the heart directly. There is no evidence that CD52 is expressed on cardiac myocytes. However, alemtuzumab could kill T cells that infiltrate the heart, causing myocyte dysfunction or electrical disturbances as an unwanted secondary effect. Although cardiac involvement of lymphoma is rare, 20 autopsy studies of subjects with MF revealed a 15% to 30% incidence of cardiac involvement. [21] [22] [23] Another study reported gross cardiac involvement in 7 of 12 subjects. 24 Therefore, the potential direct effect of alemtuzumab on T cells residing in the myocardium remains a possibility.
In summary, we found that alemtuzumab therapy was associated with adverse cardiac events, including congestive heart failure and LV dysfunction, in a substantial proportion of patients with MF/SS who did not have a history of cardiac problems. All 3 patients who clearly developed left ventricular dysfunction and congestive heart failure during alemtuzumab therapy had been previously treated with doxorubicin, suggesting this population of patients may be at particularly high risk for untoward effects. Although the pathogenesis of the cardiac effects of alemtuzumab is unknown, the toxicity may be the result of cytokine release and, thus, could be potentially attenuated. Furthermore, these effects are serious, and treatment of MF/SS with alemtuzumab was terminated as a result. Investigation is warranted into the potential mechanisms. 
